BACKGROUND: People with serious mental illness have high rates of obesity and related medical problems, and die years prematurely, most commonly from cardiovascular disease. Specialized, in-person weight management interventions result in weight loss in efficacy trials with highly motivated patients. In usual care, patient enrollment and retention are low with these interventions, and effectiveness has been inconsistent. OBJECTIVE: To determine whether computerized provision of weight management with peer coaching is feasible to deliver, is acceptable to patients, and is more effective than in-person delivery or usual care. DESIGN: Mixed-methods randomized controlled trial. PARTICIPANTS: Two hundred seventy-six overweight patients with serious mental illness receiving care at a Veterans Administration medical center. INTERVENTIONS: Patients were randomized to 1) computerized weight management with peer coaching (Web-MOVE), 2) in-person clinician-led weight services, or 3) usual care. Both active interventions offered the same educational content. MAIN MEASURES: Body mass index; and feasibility and acceptability of the intervention. KEY RESULTS: At 6 months, in obese patients (n = 200), there was a significant condition by visit effect (F = 4.02, p = 0.02). The WebMOVE group had an average estimated BMI change from baseline to 6 months of 34.9 ± 0.4 to 34.1 ± 0.4. This corresponds to 2.8 kg (6.2 lbs) weight loss (t = 3.2, p = 0.001). No significant change in BMI was seen with either in-person services (t = 0.10, p = 0.92), or usual care (t = −0.25, p = 0.80). The average percentage of modules completed in the WebMOVE group was 49% and in the in-person group was 41% (t = 1.4, p = 0.17). When non-obese patients were included in the analyses, there was a trend towards a condition by visit effect (F = 2.8, p = 0.06). WebMOVE was well received, while the acceptability of in-person services was mixed. CONCLUSIONS: Computerized weight management with peer support results in lower weight, and can have greater effectiveness than clinician-led in-person services. This intervention is well received, and could be feasible to disseminate.
INTRODUCTION
Serious mental illness (SMI) includes common disorders such as schizophrenia and bipolar disorder that often result in substantial disability and very high healthcare costs. Between 40% and 60% of individuals with SMI are obese, compared to about 30% of the general population. 1, 2 Obesity has detrimental health consequences, including cardiovascular morbidity and reduced life expectancy. 3 Fortunately, the harmful effects of obesity are reversible with even modest weight loss. Treatment guidelines recommend that individuals with SMI who are overweight should be offered evidence-based weight loss interventions, including psychosocial interventions. 4 In 2014, a call to action was published by leading international experts and patient stakeholders asking for policies mandating treatments that addressed obesity in this population. 5 The Veterans Administration (VA) has disseminated an inperson weight management program, the MOVE Weight Management Program for Veterans (MOVE). Participation is less than 5% of eligible veterans, 6 average weight loss is minimal, 1-2 pounds, 6 and MOVE is more likely to be utilized by those with a body mass index (BMI) above 30, indicating obesity. [6] [7] [8] Since people with SMI often have cognitive deficits, limited literacy, and challenging social situations, interventions need to be tailored for this population. Individual-and group-based behavioral interventions tailored for SMI have repeatedly been shown to result in weight reduction, [9] [10] [11] [12] [13] [14] [15] though a recent study showed no benefit of intervention. 16 Successful interventions for weight include psychoeducation focused on nutritional counseling, behavioral selfmanagement including goal-setting and self-monitoring of food and activity levels, and regular weigh-ins. 4 Although weight loss with these interventions is often modest, without interventions the average person continues to gain weight. Even weight loss of a few pounds has been associated with health benefits, including improved cardiovascular health.
Despite widespread recognition of the importance of weight loss in individuals with SMI, the availability and use of tailored evidence-based weight loss interventions is very low. Barriers include patient issues (e.g., reluctance to participate in groups, limited transportation to the clinic) and organizational issues (e.g., shortage of clinician time). 26 Internet and computer technology has the potential to overcome these barriers and increase the feasibility, effectiveness, and reach of weight services. While people with SMI can have difficulty using standard internet and computer applications, 27 there has been proven success with specialized audio-assisted interfaces that meet their needs. 28, 29 One approach that has strengthened the ongoing use of technology-delivered interventions has been to combine technology with human interaction and social connection. 30, 31 The purpose of this study was to determine whether computerized provision of weight management with peer coaching could be more effective than in-person delivery or usual care, and would be feasible to deliver and acceptable to patients. Both computerized (WebMOVE) and in-person programs (MOVE SMI) were tailored to SMI. Due to barriers to utilization of in-person services, we hypothesized that WebMOVE would result in lower patient weight, compared with in-person delivery or usual care, and would be feasible to deliver and acceptable to patients.
METHODS

Participants
Data were collected at mental health clinics within the Greater Los Angeles VA medical center. Eligible participants had a diagnosis of schizophrenia, schizoaffective disorder, bipolar disorder, major depressive disorder with psychosis, or posttraumatic stress disorder; were 18 years or older; were prescribed an antipsychotic medication; had either a BMI above 30 (obese) or a BMI of 28-30 (overweight) with self-reported weight gain of at least 10 pounds in the last 3 months; and received medical clearance to participate from a physician if they received a score ≥ 1 on the Physical Activity Readiness Questionnaire (PAR-Q). 32 Exclusion criteria included a history of bariatric surgery; pregnant or nursing mothers; dementia; current participation in weight loss groups; psychiatric hospitalization during the prior month; or very limited control over food preparation. Limited control was defined as more than 50% of an individual's lunches or dinners being eaten at a place where they had no choice in what or how much was served.
For recruitment, we obtained a list of patients who met inclusion criteria for psychiatric diagnosis, age, and psychotropic medication. Study flyers were also posted in mental health clinics. A total of 1429 individuals were screened for eligibility, and 19% were eligible, interested, enrolled, and randomized ( Fig. 1) . Written informed consent was obtained. The study was approved by the VA Institutional Review Board.
Intervention Conditions
Following baseline assessment, patients were randomized to one of three intervention conditions: WebMOVE, MOVE SMI, or usual care. Randomization was stratified by the weight gain liability of prescribed antipsychotic medications (low, medium, high). Clozapine and olanzapine were classified as high weight gain liability medications. Chlorpromazine, iloperidone, paliperidone, risperidone, quetiapine, sertindole, and thioridazine were moderate weight liability medications. Although not an antipsychotic, valproic acid was also considered in the moderate category. All other available antipsychotic medications were low/no weight liability medications. Once randomized, participants were given instructions for how to begin their intervention. The two active intervention conditions were available for 6 months ( Table 1) .
WebMOVE is a weight management program developed for this study, and includes 1) internet browser-based provision of 30 interactive educational modules, tracking of activity and weight, and individualized homework, plus 2) weekly telephonic peer coaching. The computerized program is based on the in-person MOVE SMI program developed by Goldberg and colleagues (Table 2) . Participants were provided a pedometer and instructed on how to use the online system. Participants were encouraged to complete two online modules per week; each module could be completed in 30 min. The online program was tailored for cognitive deficits seen in this population. This included minimal text, all text read aloud, a fifth grade reading level, explicit navigational aids, and simple presentation of information. The program included audioand text-based education, video, pedometer tracking, goal setting, homework, automated diet plans, and quizzes. The online system was accessible from kiosks at VA clinics (touchscreen computers with headphones) or anywhere there was internet access. A peer wellness coach (i.e., individuals with lived experience with mental illness) was assigned to each WebMOVE participant. Weekly manualized peer coaching was delivered by phone and emphasized a strengths-based approach with motivational interviewing. The peer coaching manual was designed to support consistent delivery of services across coaches. 30 Coaches received didactic training in the manual, experiential training in coaching, and weekly individual supervision from a psychologist.
MOVE SMI is an in-person weight management program led by a master's level mental health clinician. 16 The program includes 24 sessions (8 individual and 16 group), each lasting 60 min. The in-person program utilizes handouts, motivational techniques, visual learning aids, behavioral rehearsal, repetition, goal setting, homework, and diet plans. The MOVE SMI group leaders received weekly group supervision from a psychologist.
Usual care consisted of one educational handout on the benefits of weight loss, given to participants after randomization. Participants were allowed to take advantage of standard services available at the medical center, which included MOVE weight management (not tailored for people with SMI).
Assessments and Outcome Measurements
Participants completed three in-person quantitative assessments (baseline, 3 and 6 months) conducted by an assessor blind to randomization assignment. The effectiveness of interventions was assessed at 6 months using baseline demographics, weight, height, and calculated body mass index (BMI). Participants also self-reported their weight 6 months prior to baseline. WebMOVE module completion was electronically recorded, peer coaching calls were documented, and MOVE SMI session attendance was collected.
At 6 months, participants randomized to WebMOVE or MOVE SMI were invited to complete a brief qualitative interview, which provided data on intervention feasibility and acceptability. Invitations were stratified by intervention condition. Participants were invited to participate until data saturation was achieved. 33 Participants were paid $15 for each research assessment. Mid-study, it came to our attention that many subjects were traveling an hour or more to complete research assessments. Given that, payments to participants were increased to $20 for the 3-month and $35 for the 6-month assessment to compensate them for their time. Participants were paid $10 for the qualitative interview. To increase the generalizability of results, no compensation was provided for receiving interventions.
Statistical Analyses
Quantitative analyses were conducted using SAS version 9.3 software (SAS Institute Inc., Cary, NC). All randomized participants who received the intervention as randomized were included in the primary analyses, regardless of the number of assessments completed. Receiving the intervention as randomized was defined as participation in one or more modules/ sessions (WebMOVE or MOVE SMI) or receipt of the educational handout (usual care). Receipt of any intervention was critical, as we did not want to include individuals who enrolled solely for the baseline assessment incentive but had no intention of taking part in any weight intervention. We compared baseline characteristics between intervention groups using F-tests for continuous and χ 2 analysis for categorical variables. A mixed effects repeated measures model was used to compare BMI outcomes between intervention conditions over time, with treatment condition, assessment visit, and condition by visit as independent variables. The model also included BMI 6 months prior to baseline as a covariate to take into account the weight trajectory a participant was on when entering the study. Secondary analyses excluded participants with BMI of 28-30 (overweight), leaving only those with BMI > 30 who received the intervention as randomized. This secondary analysis addressed the question of intervention effectiveness for obese participants. Intervention effectiveness for obese patients was further examined by calculating the change in weight from baseline to 6 months. A χ 2 analysis compared the number of participants who lost 5% or more of baseline weight by 6 months by condition.
All qualitative interviews were recorded and transcribed. ATLAS.ti was used for management and analysis. Following completion of interviews and review of transcripts, a preliminary codebook was developed collaboratively, focused on feasibility and acceptability of the treatments. Using the codebook, transcripts were independently coded by research assistants trained in ATLAS.ti. During coding, research assistants and an expert in ATLAS.ti met regularly to elaborate and adjust the codebook, using the constant comparison analytic approach, 34 involving an iterative process of comparison and categorization, facilitated by tools available in the software.
RESULTS
Participants
Enrollment began in March 2012, and 6-month follow-up data collection ended in July 2014; 276 participants were randomized. In the WebMOVE group, 22 participants did not attempt any online modules, and in the MOVE SMI group, 17 did not attend any sessions. This left 237 participants who received an intervention as randomized and who formed the analytic sample for primary analysis of intervention effectiveness.
Eighty-four percent of the sample (200/237) had BMI > 30 (obese) at baseline and received the intervention as randomized. There was no significant difference among the three intervention conditions in the number of obese participants (χ 2 = 0.7; p = 0.70). The group of 200 obese participants who received the intervention as randomized formed the analytic sample for the secondary analysis of intervention effectiveness. The sample demographics are presented in Table 3 . A total of 24 randomized to WebMOVE and 24 randomized to MOVE SMI completed the qualitative interview at 6 months.
Intervention Effectiveness
Primary analyses indicated that between baseline and 6 months, in overweight and obese patients, there was a trend towards a condition by visit effect (F = 2.8, p = 0.06). Secondary analyses indicated that between baseline and 6 months, in obese patients only, there was a condition by visit effect (F = 4.0, p = 0.02; Fig. 2 ). In the WebMOVE group, the model estimated an average BMI change from baseline to 6 months 4 Bi-weekly review sessions: review major concepts and strategies. of 34.9 ± 0.43 to 34.1 ± 0.43. This corresponds to a 2.8-kg (6.2 lbs) weight loss (t = 3.3, p = 0.001) in the WebMOVE group. No substantial change in BMI was seen in the MOVE SMI group, for which the average BMI change from baseline to 6 months was 35.9 ± 0.40 to 35.9 ± 0.40 (t = 0.10, p = 0.92), which corresponds to no change in weight. There was also no substantial change in the usual care group, where the average BMI change from baseline to 6 months was 35.5 ± 0.38 to 35.6 ± 0.40, which corresponds to a 0.30-kg (2.20 lbs) weight gain (t = −0.25, p = 0.80).
In obese patients, 52/200 (26%) lost 5% or more of baseline weight by 6 months. The probability of losing 5% or more of weight was significantly different among the three treatment conditions (χ 2 = 6.4; p = 0.04). In the WebMOVE group, 22/59 (37%) lost 5% or more of body weight, while 12/68 (18%) of the MOVE SMI group and 18/73 (25%) of the usual care group lost 5% of weight by 6 months. Patients were significantly more likely to lose 5% or more of body weight in the WebMOVE group than in the MOVE SMI group (χ 2 = 6.2; p = 0.01). Other pairwise comparisons of conditions were non-significant.
In terms of retention in treatment, the average number of modules completed in WebMOVE was 14.7 (SD = 12.2), which is 49% of 30 modules, and the average number of sessions completed in MOVE SMI was 9.7 (SD = 6.2), which is 41% of the 24 sessions (t = 1.36 p = 0.17). There was a significant difference in the number of participants who completed 100% of the intervention sessions/modules: in Web-MOVE, 18 participants (31%) completed the intervention, while in MOVE SMI, no participants (0%) completed the intervention (χ 2 = 24.2; p < 0.0001). WebMOVE participants received, on average, 7.9 (SD = 6.8) peer coaching calls. Patients who were obese completed more modules than patients who were less than obese, in both the WebMOVE (14.7 ± 12.2 vs. 9.8 ± 11.3, p = 0.004) and MOVE SMI groups (9.7 ± 6.2 vs. 5.5 ± 6.2, p = 0.18).
Intervention feasibility and acceptability
Qualitative analysis revealed several main themes. Overall, the WebMOVE intervention was well received. One category of 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Age, years 55.5 ± 9.2 53.8 ± 10.1 54.2 ± 9.9 F = 0.61; p = 0.55 55.8 ± 9.0 54.2 ± 10.0 53.7 ± 9.8 F = 0.87; The coach] would explain things differently to me … that was the most helpful.^Less prevalent themes were difficulty in accessing a computer and the desire for a walking group. The MOVE SMI intervention received a mixed response. One major theme was participants' discomfort with a group format. Participants stated, BIt's just I don't like to be around people^and BI get sluggish and I'd rather not be in a group.Ô thers recommended individual sessions instead of groups. Another main theme was transportation as a barrier. Participants stated, BBus fare makes it hard^and BIt's kind of hard for me [to get to appointments], to come every week and commute, travel.^These themes provided potential explanation for results. For example, there was significantly higher retention in treatment for the WebMOVE group compared to MOVE SMI. The themes around discomfort with a group setting and transportation as a barrier may provide an explanation for this finding.
DISCUSSION
In this study, computerized provision of individualized diet and exercise education, combined with telephonic peer coaching, resulted in lower weight in obese patients with serious mental illness. Consistent with prevailing care, the usual care group received few services and had no weight loss. Somewhat surprisingly, in-person weight services also produced no substantial change in weight. While some effectiveness trials of in-person interventions in people with SMI have found weight loss, others have not. Similar to prior research, 35 this study found substantial barriers to patients' use of in-person services. Group participation and transportation were both challenges, and people assigned to in-person services had lower rates of service use than those assigned to computerized or peer services. To our knowledge, this randomized controlled trial is the first study of the effectiveness of computerized tools and telephonic coaching on weight in people with SMI. Although the mean weight loss at 6 months was modest, more than a third of those in WebMOVE lost 5% or more of baseline weight. This modest weight loss can produce significant health benefits. [17] [18] [19] [20] [21] [22] [23] [24] [25] There has been very little research in populations with SMI regarding factors associated with success of weight loss interventions. In this study, the intervention was most effective within the population of patients who were obese at baseline. Motivation for change is believed to be critical for weight loss, and we found this to be true within this population. Being overweight is now normative status in the United States, particularly in populations within lower socioeconomic status. It can be difficult for people who are not obese to see the importance of changing behavior and losing weight. While there are positive health effects from weight loss in a non-obese population, implementing services in this population may require substantial effort to increase readiness to change.
There have been concerns that people with SMI cannot make productive use of technology or computerized interventions because of cognitive deficits, socioeconomic factors, limited literacy, or just a general belief that they are too disabled. In this study, this was not the case. Patients enjoyed the computer interaction and the opportunity to engage with this program, and lost weight. Notably, the computer interfaces in this study were specifically designed to meet human factors needs of this population, and the interface placed a priority on being individually tailored and engaging. While we cannot disentangle the effects of computerized service delivery and peer support, both were viewed positively by participants.
This study has limitations. First, it was conducted at one VA medical center in an urban metropolitan area. Although the clinical status of patients with SMI does not vary substantially across clinical sites, sites do vary markedly in contextual factors, such as rural-urban differences, disability compensation, insurance generosity, and access to healthcare. A computerized and peer coaching intervention might be feasible across varying health services contexts, but this needs to be the focus of further research. Second, although the computer and peer coaching intervention was successful in recruiting patients, lowering barriers to participation, and maintaining patient engagement, there was a large proportion of overweight patients with SMI who declined to participate. Future interventions should also focus Bupstream^in an effort to increase routine screening and enhance readiness for change.
In summary, online weight management with peer coaching provided educational content and decision support that was tailored to individuals with mental illness or cognitive deficits, and was convenient and patient-centered. Patients who were obese and who were willing to participate in a weight loss program lost more weight with this online program than with in-person clinician-led groups or usual care. Integration of peers and technology into care was well received. It has proven very difficult or impossible to broadly disseminate in-person interventions for weight in people with serious mental illness, in part because of high levels of expensive clinician time required for interventions and transportation barriers when patients need frequent clinic visits. An intervention delivered by computer with telephonic peer coaching should be much more feasible for dissemination to patients. The program could be readily disseminated for use by kiosk, computer browser, or mobile device. Currently, the VA has plans to include WebMOVE in the VAVirtual Medical Center, and has funded a project to optimize WebMOVE for delivery via smartphone. Online and mobile delivery, tailored for this population, has the potential to enhance access to services that help patients improve their diet and activity, lead to lower weight, and thereby reduce morbidity and mortality. While this study's approach is designed for a population with serious mental illness, it is possible that it could be effective in other populations with cognitive disabilities, inconsistent literacy, or socioeconomic challenges.
